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Figure. S1. Expression of Bicc1 protein variants.   

The Bicc1 protein variants containing GDDG substitutions were expressed in Xenopus embryos and 

analyzed for binding to endogenous mRNAs (see Fig.3). Immunoblot analysis with an anti-HA 

antibody was used to monitor the expression of the different protein variants used in RNA binding 

assays. The blot was probed with an antibody to cytoskeletal actin to serve as a control.   
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Figure. S2.  Reporter mRNA stability.  RT-PCR was used to quantitate the luciferase-Cripto mRNA 

(Luc-Cripto1) used to analyze Bicc1 variants for translational repression. Error bars represent the 

standard error from three separate experiments. One-Way ANOVA indicated that the levels of 

reporter mRNAs in embryos following injection were not significantly different.

Development: doi:10.1242/dev.172486: Supplementary information
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Figure. S3.  Bicc1 protein variants used for RNA binding assays. The different Bicc1 protein variants 

(aa 1-506) purified from E.coli and used for RNA binding assays were analyzed by SDS polyacrylamide 

gel electrophoresis. 
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Figure. S4.  RNA binding of wild-type and variant Bicc1 proteins by fluorescence polarization.  RNA 

binding assays were assembled using different Bicc1 proteins and either the fluorescently labeled 

Cripto1 RNA or the negative control cyclinB1 RNA. The protein variants were Bicc1 wild-type N-

terminus KH1-2-3 WT (aa 1-506), the KH1-2-3 GDDG protein (aa 1-506), KH1-2 protein (aa 41-201) 

and KH2 protein (aa 126 – 201). The binding of proteins to the RNAs was analyzed using a fluorescent 

plate reader and values were plotted in comparison to control reactions containing no protein. 
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KH1 

H.sapiens 1 M-----------AAQGEP--GYL-AAQSDPGS----NSERSTDSPVPGSEDDLVAGA-TL--HSPEWSE------------------ERFRVDRKKLEAMLQAA--AEGKGRSG-EDFFQ 
M.musculus 1 M-----------ASQSEP--GYLAAAQSDPGS----NSERSTDSPVAGSEDDLVAAAPLL--HSPEWSE------------------ERFRVDRKKLEAMLQAA--AEGKGRSG-EDFFQ 
X.laevis 1 M-----------AAQCESIGGDM--NQSDPGS----NSERSADSPVPGSEDDSP--------HDPEWRE------------------ERFRVDRKKLETMLQAA--AEGKGKSG-EDFFQ 
D.rerio 1 M------------------AEPLSFMHHDHGS----SSERSDDSPSAVSEDDSSGHCGHISPPDPDWTE------------------ERFRVDRKKLETMLLAA--NEGR-ING-DDFFQ 
D.melanogaster     1 MLSCASFNKLMYPSAADVAKPPMVGLEVEAGSIGSLSSLHALPSTTSVGSGAPSETQSEISSVDSDWSDIRAIAMKLGVQNPDDLHTERFKVDRQKLEQLIKAE--SSIEGMNGAEYFFH 
C.elegans 1 MLREDTV-----------------------------------------------------------------------IQLPDGRFEQKIQVDRRKLESMITGRIDNTSHQLPTAESFFA 

KH2 

H.sapiens 79 KIMEETNTQIAWPSKLKIGAKSKKDPHIKVSGKKEDVKEAKEMIMSVLDTKSNRVTLKMDVSHTEHSHVIGKGGNNIKKVMEETGCHIHFPDSNRNNQAEKSNQVSIAGQPAGVESARVR 
M.musculus        81 KIMEETNTQIAWPSKLKIGAKSKKDPHIKVSGKKEDVKEAKEMIMSVLDTKSNRVTLKMDVSHTEHSHVIGKGGNNIKKVMEDTGCHIHFPDSNRNNQAEKSNQVSIAGQPAGVESARAR 
X.laevis 75 KIMEETNTQIAWPSKLKIGAKSKKDPHIKVSGKKENVKEAKERIMSVLDTKSNRVTLKMDVSHTEHSHVIGKGGNNIKKVMEETGCHIHFPDSNRNNQAEKSNQVSIAGQPAGVESARVR 
D.rerio 77 KVMDETNTQIAWPSKLKIGAKSKKDPHIKVSGKRDDVREAKEKIMSVLDTKSHRVTLKMDVSHTEHSHVIGKGGHNIKRVMEETGCHIHFPDSNRHSQAEKSNQVSIAGQLTGVEAARVK 
D.melanogaster   119 DIMNTTDTYVSWPCRLKIGAKSKKDPHVRIVGKVDQVQRAKERILSSLDSRGTRVIMKMDVSYTDHSYIIGRGGNNIKRIMDDTHTHIHFPDSNRSNPTEKSNQVSLCGSLEGVERARAL 
C.elegans 50 NVMSYSNAEVIWPSQLKIGAKTKKDPYVKVIGSIEQIESARTLVLNSLQIKKERVSLKMELHHSLHSHIIGKGGRGIQKVMKMTSCHIHFPDSNKYSDSNKSDQVSISGTPVNVFEALKH 

KH3 

H.sapiens        199 IRELLPLVLMFELPIAGILQPVPDPNSPSIQHISQTYNISVSFKQRSRMYGATVIVRGSQNNTSAVKEGTAMLLEHL----------AGSLASAIPVSTQLDIAAQHHLFMM---GRNGS 
M.musculus       201 IRELLPLVLMFELPIAGILQPVPDPNTPSIQHISQTYSVSVSFKQRSRMYGATVTVRGSQNNTNAVKEGTAMLLEHL----------AGSLASAIPVSTQLDIAAQHHLFMM---GRNGS 
X.laevis 195 IRELLPLVLMFELPIAGILQPIPDPNSPTIQQISQTYNLTVSFKQRSRVYGATVIVRGSQNNTSAVKEGTAMLLEHL----------AGSLATAIPVSTQLDIAAQHHLFMM---GRNGC 
D.rerio 197 IRELLPLVLMFE--CSGVVQLV-DCSSPVVQHISHTYNVSISFRPPSRLYGNTAIVRANQNNSSGVKRGTALLLEHL----------AGSLASSVMVSTQLDIAPQHHHFLL---GRNGA 
D.melanogaster   239 VRLSTPLLISFEMPVMGPNKPQPDHETPYIKMIETKFNVQVIFSTRPKLHTSLVLVKGSEKESAQVRDATQLLINFA----------CESIASQILVNVQMEISPQHHEIVK---GKNNV 
C.elegans        170 LRSMCPLTVYMKLPWY-------NPGQPDLRPLMSQMDLDVSVEQ--NIYSLAIKMTGSQD--ASVLFAIRLVLHHFLLTEEYLNISTQVLAREEL-NYQLENVEEHRERLREVCNKNNV 

H.sapiens        306 NIKHIMQRTGAQIHFPDPS----NPQKKSTVYLQGTIESVCLARQYLMGCLPLVLMFDMKE-EIEVDPQFIAQLMEQLDVFISIKPKPKQPSKSVIVKSVERNALNMYEARKCLLGLESS 
M.musculus       308 NVKHIMQRTGAQIHFPDPS----NPQKKSTVYLQGTIESVCLARQYLMGCLPLVLMFDMKE-DIEVDPQVIAQLMEQLDVFISIKPKPKQPSKSVIVKSVERNALNMYEARKCLLGLESS 
X.laevis 302 NIKHIMQRTGAQIHFPDPN----NPLKKSTVYLQGTIDSVCLARQYLMGCLPLVLMFDMKE-DIEVDPQVIAQLMEQLDVFISIKPKPKQPSKSVIVKSVERNALNMYEARKCLLGLESS 
D.rerio 301 NIKLISQRTGAHIHFPEISPHN-SNASRSAVYIQGSIDAVCAARQQIMGCLPLVLLFDIKE-ETEVASQVITTLMEQLDVFISIKPKPKQPSKSVIVKSVERNAGSLYEVRRILLGLESS 
D.melanogaster   346 NLLSIMERTQTKIIFPDLSDMNVKPLKKSQVTISGRIDDVYLARQQLLGNLPVALIFDFPD-N-HNDASEIMSLNTKYGVYITLRQKQRQSTLAIVVKGVEKFIDKIYEARQEILRLATP 
C.elegans        278 TIQT----------FPE----------TQSISIVGPPSGVLNVRKLLIGLSSVTVQFDCNMMDIHYP---VQQLEQERGIQVTCKRK-NGDIMTITMKSTESKLAEVLQSRELLLALPPT 

H.sapiens        421 GVT-----IATSPSPASCPAGLACPSLDILASAGLGLTGLGLLGPTTLSLNTSTTPN---------SLLNALN--SSVSPLQSPS-SGTPSPTLWAPPLANTSSATGFSAIPHLMIPSTA 
M.musculus       423 GVS-----IATSLSPASCPAGLACPSLDILASAGLGLTGLGLLGPTTLSLNTSATPN---------SLLNALN--TSVSPLQSSS-SGTPSPTLWAPPIANTASATGFSTIPHLMLPSTA 
X.laevis 417 GVT-----V-TNQSTLSCPVPMNCHGLDILA-AGLGLSGLGLLGPNTLSVNSTTAQN---------SLLNALN--SSLSPLHSPS-SAAPSPTLWAASLAN--NATGFSATPHLMIPSAA 
D.rerio 419 CLSSSVSSVSVNGHISSSPPRIASIGLDTLASAGLRLSTLADLLRSSVSPVPNGSPNPSCALNGHGSVLNIQNGVNNTQHIHTPAHTHSHTPSLWASALSSAADAAGFST--DLMLQSVS 
D.melanogaster   464 FVKPEIPDYYFM-------PKDKDLNLAYRTQLTALLAGYVDSPKTPSLLPPSLAGQLTPYANNNHLLLNA-NGLATPTGVCAPTQKYMQLHNSFQQAQNRSMVAGG------------- 
C.elegans        374 TYS-------------------------------------------------------------------------------SPD-DYDPNPVM-------------------------- 

H.sapiens        524 QATLTNILLSGVPTYGH-TAPSPPPGLTPVDVHINSMQTEGKKISAALNGHAQSPDIKYGAISTSSLGEKVLSANHGDPSIQTS---GSEQTSPKSSPTEGCNDAFVEVGMPRSPSHSGN 
M.musculus       526 QATLTNILLSGVPTYGH-TAPSPPPGLTPVDVHINSMQTEGKNISASINGHVQPANMKYGPLSTSSLGEKVLSSNHGDPSMQTA---GPEQASPKSNSVEGCNDAFVEVGMPRSPSHSGN 
X.laevis 516 QATLTNFLLSGVPNYGQ-NTPSPPPGLTPVDVHMNGIHSECKKVTSALNGHVKPTNMKYGTISSSSLGDKVLNTNLAEASRQSNNHSSAEEVNSKTDP-EGCNDAFVEVGMPRSPSHSAN 
D.rerio 537 QATLGGLLLSGVQSQAHTHTPSLPPGLAPIHKTVSAEH---------LNGHLASS--VYSRISSVS-----LNSAHCDTAQEGI---GHTQSEAKST--DEGSDTFVEVGMPRSPSHSAN 
D.melanogaster   563 QSNNGNYL----QVPGAVAPPLKPPTVSPRN----------------------------------------------SCSQNTS---GYQSFSSSTTSLEQSYPPYAQLPGTVSSTSSST 
C.elegans        388 ---------------------SRPPSLTPLQTEMAS-------------------------------GVRVFLTPPIES--------------------------------PKSP----- 

H.sapiens        640 AGDLKQMMCPSKVSCAKRQTVELLQGTKNSHLHSTDRLLSDPELSATESPLADKKAPGSERAAER---AAAAQQNSERAHLAPRSSYVNMQAFDYEQKKLLATKAMLKKPVVTEVRTPTN 
M.musculus       642 AGDLKQMLGASKVSCAKRQTVELLQGTKNSHLHGTDRLLSDPELSATESPLADKKAPGSERAAER---AAAAQQKSERARLASQPTYVHMQAFDYEQKKLLATKAMLKKPVVTEVRTPTN 
X.laevis 634 TKDLKQMLNSTKAPCPTRQTVKLLHGTKNSHLHTGERLLSDSEMSPMEGPVTDKKAPGSERAAER----AAAQQNSERARLTSQSEYSTMQAYDYEQKKLLATKAMLKKPVVTEVRTPTN 
D.rerio 636 GSELKQMLASCTVSPGKRQTVELLQRTKNTLLH-VECVLADSD----DNPMTDKRAPGSERAAER--------------RLAP-----HMQAFDYEKKKLLATKAMLKKPVVTEIRTPTN 
D.melanogaster   630 AGSQNRAHYSPDSTYGSEGGGVGGGGGGGARLG---RRLSDGVLLG----LSNSNGGGGNSGGAHLLPGSAESYRSLHYDLG-GNKHSGHRAFDFDMKRALGYKAMERTPVAGELRTPTT 
C.elegans        419 ----------------------------------------DPE----DSPLAASILKGAKDISKN---SDIWKKKSKA---------------DRGEMLIKATQAIFDDSVLSSPRYPTD 

H.sapiens        757 TWSGLGFSKSMPAETIKELRRANHVSYKPTMTTTYEGSSMSLSRSNSREHLGGGSESDNWRDR------NGIGPGSHSEFAASIGSPKRKQNKS-TEHYLSSSNYMDCISSLTGSNGCNL 
M.musculus       759 TWSGLGFSKSMPAETIKELRRANHVSYKPTMTTAYEGSSLSLSRSSSREHLASGSESDNWRDR------NGIGPMGHSEFSAPIGSPKRKQNKS-REHYLSSSNYMDCISSLTGSNGCNL 
X.laevis 750 TWSGLGFSKSMPAETIKELRRANHVPYKPTMTTTYENS--SLSRSNSREQLGNGSDSENWRER------NGIDS-SQNDYSSSIGSPKRKQNKS--EHYLSSSNYMDCISSLTGSNGCNL 
D.rerio 732 TWSGLGFSKSMPAESIKELRRAHHVPYKPSMGTTYEDSHLSMSHSGIQEGLINDTKSDNWGDLNGNVNINGNGPSGNSEFSQTVSSPKRIKNKSLGEQYLSSSNYMDSI-SLTGSNGISL 
D.melanogaster   742 AWMGMGLSSTSPAPAPLE---------------------------NGENGAAGGGASSGWR------------------LPPGLGSP---------YGLSATTGLLDAT---PVNRRMQL 
C.elegans        477 LWSGYGFSSSLPADLLKGMM---------DLSTNEPSTNGPPMMNHSQRGLCSVREEDEELS-------DFSASSTNYGMSRIFEQPPR-------NVFSASTSVFDSN-SLPYNLQWDI 

H.sapiens        870 NSSFKGSDLPELFSKLGLGKYTDVFQQQEIDLQTFLTLTDQDLKELGITTFGARRKMLLAISELNKNRRKLFESPNAR-TSFLEGGASGRLPRQYHSDIA-SVSGRW 
M.musculus       872 NSCFKGSDLPELFSKLGLGKYTDVFQQQEIDLQTFLTLTDQDLKELGITTFGARRKMLLAISELSKNRRKLFEPPNASCTSFLEGGASGRLPRQYHSDIA-SVSGRW 
X.laevis 859 NSSFKGSDLPELFSKLGLGKYTDIFQQQEIDLQTLLTLTDQDLKELGISTFGARRKMLLAISELNKNRRKLFEPTNIR-ASFLEGGASGRLPRQYHTDIA-SVSGRW 
D.rerio 851 SSSLKGTDLPELFSKLGLGKYTDIFQQQEIDLQTFITLTDPDLKELGITTFGARRKMLLAISELNKSRRKLFDTANIR-SSFLEGGASGRLTRHFHSDMT-SVSGRW 
D.melanogaster   805 A---KHKDIQTLLTSLGLEHYIKIFVLNEIDLEVFTTLTEENLMELGIAAFGARKKLLTAIHTLLANEAACSTMPSSS-SS--QNSSSPRFSGSAAPGAERRPSNQW 
C.elegans        573 N---YFTDPSMVLAQLGCSEYMTQLRDQEIDMHAFLLLDEQNLKDIGVSTIGARKKIHHAILKLRDSAR-------------LNGYAV------------------- 

Figure. S5. The evolutionarily conserved features of Bicc1 proteins. Amino acid sequences from 

vertebrate and invertebrate Bicc1 proteins were analyzed with Clustal Omega. Residues identical to 

human Bicc1 are highlighted in black, while similar residues are highlighted in grey. Each of the KH 

domains and the associated GXXG motifs are indicated. 
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Figure. S6. Antisense oligos block accumulation of the Bicc1 protein during oocyte maturation.

Oocytes were injected with the 9463 oligonucleotide and incubated for two hours. The injected 

oocytes were matured overnight with progesterone then the proteins analyzed by immunoblotting 

and probing with the Bicc1 antibody.  
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